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I Introduction

This report summarizes the research under contract N00014-78-C-0147

during the period 1 January 1981 through 31 December 1981. Work was con-

tinued in the area of energetic oxetanes. Improvements were made in the

synthesis routes to 3-tvidooxetane and 3,3-dijitrooxetane and the latter

was polymerized for the first time. Synthesis procedures for 3-azidooxe-

tane were adapted for scale-up, and multi-pound quantities were produced.

Work was initiated on the synthesis of polycyclJc nitro compounds.

II Oxetane Chemistry

A. Discussion

3-Azidooxetane Polymerization. In the preceding report 1

preliminary studies of the polymerization of 3-azidooxetane were des-

cribed. Of particular interest was the isolation of a difunctional poly-

mer with a molecular weight of 2100 when the polymerization was catalyzed

with boron trifloride etherate. The polymer was a viscous oil and was

stable to about 12502. 0 'ese properties, as well as a synthesis route

potentially amenable to scale-up, prompted a more detailed polymer study.

After a number of exploratory experiments were carried out,

conditions were found that consistently gave polymeric diols with mole-

cular weight of 3,000 to 3,600. The reactions were carried out in meth-

ylene chloride solution at ice-bath temperature with 5 mole % of boron

trifluorlde etherate as the catalyst. The product was purified by wash-

ing with sodium carbonate solution to remove the catalyst, and by a

precipitation from methylene chloride-hexane. Yields of the purified

polymer were generally 50-65%. The polymerization was scaled up to



the 150 g level to give a product with a molecular weight of 3110. hy-

droxyl functionality of the mteriiul, determined by thL bllyltion :m ethod

was 2.0,and the density was 1.336.

The difunctional nature of the polymer was confirmed by con-

verting it to a linear polyurethane. The polymer was treated with a stoi-

chicmetric amount of 2, 4-tolylencdiisocyanate in nethylene chloride wit:

ferric acetylacetonate as catalyst, and re:ioval of solvent gave a rubbery

polymer. A sample of the diol was sent to Dr. R. Reed and M. Chan (Naval

Weapons Center), who have carried out extensive formulati.on studies and

testing.

Somue further studies were made of effects of reaction vari-

ables on the polymerization of 3-azidooxetarie with tLe objective of facil-

itating the preparation of multi-pound quantitles. The above condit.ions

result In incomplete conversion of the monomer, and recovery of monomer 1 s

a tedious step. Hijhcr catalyst levels were inve:;tif;Lated to aleviate this

problem. Under parallel conditions, 5 mole% of catalyst tave a 5,-CO

yield with a molecular weight of 3,000; 10 mole l Cave a 5cb yield of

2Z4CO molecular weight product; 15 mole% gave an NA yield of insoluble

rubber.

In oze experiment, (Fig 1) the rate L'f disappearance of

3-a.:iVooxctane was followed by Olc. A break in rate was observed at Cc

reaction, corresponding with the yield of isolated polymer under these

conditions. At this point, slow evolution of &as vas observed. The nature

of this secondary reaction is unknown.

L2
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?Zi.yturu:z o- -,,tbylcne chloride and h xExan ave results

siI.:%Lar to thoi u;;ing ,uthylenv chloride as the rc, tion solvent.

Ether, however, !,a u only a low co,.version to lo-, :1.1ecolar weight

polymcr.

rlTe fxr)pcrties :And solubilities of t,.x ;,-y:ers were a

fiuiction of': iioLccilu-x wcJjh ts, as sho ,m w-elow. )'or ease of fcr-

mulation, it muy be deirL.ba.e to aim for :olecular w', hts lower than

our original goai of e roiitely 3,5O2.

solubi]l ity
tole cular Ph y s i cal. -etnvlnQ

Weight Strt- Mi l-r1t, Iexane cetat

(i]/100liquid + 4 4

1200-1800 :Cluid1 eil +-

1800-2800 viscous oil +-

2&800 -34O0 gum --.

.d,,,00 rubfhber

Work at ShI2 showed that control of molecular weight could

be achieved with several oxetanes by using butanediol. complexed with two

equivalents of boron trifluoride etherate as the initiator. 11-ie intend to

apply this procedure to the preparation of larger amounts of the 3-azido-

oxetane polyner.

Synthesis of __3-Dinitrooxetane. In the previous report, 1

the first synthesis of 3,3-dinitroozetane was described. Hydrogenation

of 3-azidooxetane, catalyzed by palladium, gave 3-aminooxetane, which was

converted to 3-nitrooxetanc by oxidation with m-cbhoroperbenzoic acid.

IL



' I

Oxidative nitratica then gave 3,3-dlnityoc:,t e.
Cl

i2 - 1 N3  112  ( i,_ OHIH 2  3_# 3
o-CI Pd

Cni 2 CH -NO 2NaOII
NaNO, I 2

O--I 2 AgNO3  12

The hydrogenation 3-azid~uxxtane was poorly re;,roducible,

apparently becaase of catalyst poisonin,,, and large amounts of the cata-

lyst were needed. Alternative reagents that were inve;stigated unsuccess-

fully are lithium aluminLua hydride, sodiu borohydride in isopropanol,

hydrazinc and zinc. TriphenyliphosAIine, however, proved to be a reliable

reducing agent for this reaction. Triphenylphosphine reacted with 3-azi-

dooxetane at roo:n temperature in methylenu chloride to 6ive the phosphi.ne,

and 3-auinooxetane was released by the addition of amrmonia. The overall

yield was nearly quantitative.

C11 2- M-N 3 21 )+ (C6Hs)3r I2 I3_t4 o ____ _ 2_

INH 
3

The oxidation of this phosfninine intermediate with m-chloro-

perbenzoic acid directly to 3-nitrooxetane was also studied. The reaction

gave 3-nitrooxetane, but the yield was only 20%. No reaction took place

when 3-azidooxetane was treated with -chloroperbenzoic acid.

Efforts are in progress to find an alternative oxidizing

agent to ni-chlororerbenzoic acid for the conve'rsion of 3-aminooxet..'Lne to

5
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-(nitrooXe ta:R do the 1-011'J tI~mf t.L jQ.U
1

fr iu - tr

cxetanc~:bubb~ia; !)Q c.~1efLL1~iA nt ~~Ln c±oiosl.

to b ken:.t i ont~c wit aLL2uino'3 -~~X, ac:i ni ~n

thLntOOX bulk rA tti ~ac i c~a o , I o .t (.a Li .C fo 1. , L:1 or, .-

1.59 and the monome;r.g on .Ln f. cs c'r-.;2)r~syc'

_ht ): "70

all - C_ NO

T-1th the oh jcmtivo of olt'.tin~h;i~;. 'etiv(ly-, the-

ccpolyrerization Of 3,3-64nitrooxctr.-Ioas u..:-.'i:ic.,. aiti-ally, 3-fluoro-

3-nitrooxetane *wa:z uscd a,- the 4as oe..irmca> .,~v',%ct.,3 to b,

simn:11r in reactivity to 3,3-din~trooxct?.rm. i'hr-': prelirinary exp*:ri-

:meintz with varying vmoints of ,3dntro~xc (DNO), 3- fluoro)-3- nitro-

oxetane (FNO) ;.-nd o,'horjorous1- pcntafluoriO'' -rfi _,LIiwvrizCd below.

LC



-I -I - -- " ' . . -

Charge (nraole) oloy

1.5 0.5 i 63 L4'[o 3 4 2( 0

1.5 .1 3460

3.3 0. 2 1 3 -' 10  4 -

02 im:'ortanc is the. £r t t.at ii.nlfic.nt rertuctiorns of

the _,jeltijjg poilt were achieved by the incorporation uf s.'ali amot :nt

of a coaonomer that is str-uctura.hly very sinilv.r to 3,3-dinitrooxetine.

What is needed is a comonomer with reactivity similar to that of DTdO and

less similar geometrically to provide polymers with low glass transition

temperatures.

It was found that 3-nitrooxctane was also polymerized with

phosphorus penLafluor.de in methylene chloride. A 9QC yield of low mole-

cular weight polymer w;as obtained (!,.4 hO') with guz.ny consistency.

NO,,

Ci - Hj,1 4 I -
2 

,)

22

UsuccessfWLl attempts :,&rc ;a.ndc to "vnthesize 5-oxetyl rluor-

c nitro hyl ct'rer. Reactions o1 3-w~dro,'xetane ith trifluoro~itth-

anesulfonic anhydride gave complex unstable prr..,:lucts. Similarly, reactions

of w-hydro- yuaetane "ith f2uorodinitruetiyI trifl'te did not give the de-

sircd ether.

B. Lxperimental

3-Aminooxetane. A solution of 50 g (0.50 mole) of 3-azi-

dooxetane in 800 ml of methylene chloride was coolt'. with an ice bath and

132.5 g (0.50 mole) of tripheny1phosphine was added. The solution was

:i7
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allowed to stand for 30 Min~ites at O-L,°0 C and for 3. ' h at room temperature.

Thu rethylene chlcride .,us removed in vacuo to leave an off-white solid.

An ice-cold solution of mthanol saturated with atmmonia was then added and

the resulting orange solution was tirred for 4Oh :.t J-- 
. stillation

,Lve 31.98 s (87.6 ) of some..'hat impure 3-arrdnooxetanc, bp 50-82 C (60-70m).

A repctition of this reaction gave '29.56 ,.(&l.kj) of 3-amiiiucx-tanc. The

combined distillation residues were extracted with ether, and dibtillation

gave an additional 8.8 g of 3-aminooxetane. The combined yield for the

two reactions was 70.32 g (96.3%) of 3-ariinooxetane: 1H I8U (CDCl3) F 2.03

(s, 2 H,-NH2 ); 4.o-4.8 (m, 5 H, oxetane); IR (film) 3350 (NH 2), 300U, 2900

(C-H), 1605 (NH2 ), 970 cm-1 (oxetane); nl26 1.4500.

3-Nitrooxetane. A solution of 7.3 g (0.10 mole) of 3-amino-

oxetane in 100 ml of 1,2-dichloroethane was added over 1 hr to a refluxing

solution of 71 g (0.35 mole) of 85% m-chloroperbenzoic acid in 600 ml of

1,2-diehloroethane. The reaction mixture was heated at reflux for 3-1/4 hrs

longer and was then allowed to stand at room temperature overnight. The

precipitated m-chlorobenzoic acid was filter-d and the filter cake was -ashed

with 70 ml of 1,2-dichloroethane. The l,2-ichloroethane was removed in

vacuo and the solid residue was distilled in a Kugelrohr apparatus to give

6.35 g (61.6%) of somewhat impure 3-nitrooxetane, bp 770 ,0.5-1.0m). Pr -

parative gc (9% F-1 on Chromosorb W, 120°C) afforded an analytical sample:

lThfl (cDCl ) 1 4.87 (m, 4 11, -Qoi OCR-); 5.23 (m, 1 11, CHNO ); IR (C Cl)
3 2- e_ 2 2 2

3000, 2940 (CH); 1550, 1370 (NO 2); 980 cm- 1 (oxetane); nD2 0 1. 4618; d=1.33.

Anal. Calcd for C3 115 NO3 : C, 34.96; H, 4.89. Found: C,

34.77; H, 4.87.

, 8
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Reaction of 3-Aminooxetane with Peracetic Acid. To a refluxing

solution of 30 ml of dichlorethane and 40 g of 4WpJ peracetic acid in acetic

acid was added dropwise a solution of 5.Og(0.68 mole) of 3-aminooxetane in

20 ml of dichloroethane. P.n exothermic reaction occured with slow green

color formation over one hour. The solution was refluxed for 4 hours and

allowed to stand overnight. The solution was "washed with a 1:1 um'...Iu: -

droxide-water solution, separated and the solvent (vaporated to yield 1.2 C

of 3-nitrooxetane (171) by nmr nssuy.

3,3-Dinitrooxetane by Cxi&d.tive Nitration. A cold solution

of 3.385 g (.033 mole) of 3-nitrooxt.tane, 1.45 67 (o. -& nile) of sodiun hy-

droxide and 2.56 , (.03C ole) of sodivum nitrite in '2 rrl of water was ad,;ed

to a stirred solution of 12.2 g (.U72 mole) of :.Ivc: nitrate in 25 7 of

water at 0-5 0 C. An immediato black suspension formed. After the reaction

mixture was stirred at 0-5 ° for two h, 25 nl of a saturated sodium clloride

solution was added and ttirri, wao continued for '0 min. Tno reaction mix-

ture was then filtered through celite and the filter cake was washed with

10 ml of water and with 100 ml of ether. The aqueous solution ';as extracted

with this 100 ml ether and with two more 100 ml portions of ether. The com-

bined ether solutions were dried and solvent was removed in vacuo to leave

1.61 g of crude product. ColuI' chronitography (silica gel, methylenu

chloride-hexane) gave 1.07 g (21.91) of pure 3,3-dinitrooxetane: ,,,p 70-71 C;

1000 cm"1 (oxetane); d=l.6".

Anal. Calcd for C HN C5  C, 24.3.4; '1, 2.72. Fowid: C,

24.54; H, 2.80.

9.1I I_7



3,3-DVinltrooxetane f'rom 'Tetrtnltro ,mthane. A solution of

I.0 3L (0.010 riole) of 3-nitrooxetane and 2.0 E (0.010 mole) of tetrani-

tromethane in 5 :il of methanol was added dropwise, with stirring over a

20 min period, to a solution of 0.42 t, (0.OO !nolc) of' sodium hydroxide

in 1 ml of water anl 2 ml of methanol at 0 C. Stirring was continued for

30 m n and 10 m.1- of water was then added. The pH was adjusted to 9-10 with

sodium hydroxide, and the mixture was extracted with ether (3 x 25 ml). The

combined ether solutions were washed with water and dried. Removal of sol-

vent -ave 0.89 z (60%) of 3,3-dinitrooxetane.

Polyerization of 3, 3-Dinitrooxetane. A dry 100 ml flask,

fitted with a syrine valve, was loaded with a solution of 0.113 g (0.76 rmol)

-:f 3, 3-dinitrocxetane in 0.5 ml dry r,,thylene chloride, and was flushed with

nitrogen. After 40 ml of nitroeen was removed ty syrin-e, 4o ml of (1.6 mmol)

p1iosphorus pe:itafluioride .,us addeO. After 30 h. ;olvent and catalyst were

remaoved uider vacuium and the re-r-inin< white solid was extracted with 15 ml

of' methylene chloride. Renoval of r:olvent in vacuo left 0.018 g (15.9) of

3, 3-dinitroox(:tane.

The solid insoluble in ,;t2thylene chloride was extrracted with

15 ,31 of ethyl acttate. Rer.oval of vulvent in vacuo left 0.024 g (21.2%)

of a white solid: M' (VPO, ethyl acetate) 484; 173 (acetone) 3550 (OH);

1575, 1320 cm1- (NO2). 'le solid r-r nining after extraction with ethyl

acetate was taken up in acetone and solvent was then removed in vacuo to

give 0.071 z (62. N) of poly (3,3-dinitrodimethylene ether) as a white

solid: mp 200-202°C; 1H NIM3 (acetone-d6)O '4.67 (br s); IR (acetone) 3600

(OH); 1565, 1320 cm- 1 (NO); 1 W (VWO, acetone) 2870; d=l.59 (perfluoro-2-

10
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butyltetrahydro'uran-hexane).

Copoly mer of 3,3-Dinitrooxetane and 3-Fluoro-3-nitro-

oxetane. Phosphorus pentafluoride (25 ml, 1 m nol) was added to a solu-

tion of 0.222g (1.5 rol) of 3,3-dinitrooxetane and 0.069 g (0.5 mol)

01 3-fluoro-3-nitrooxetane in 1.5 mid of methylene chloride at 00 C as in

the above examip1c. A precipitate formed iinxediately. The zixture wa:"

stirred at 0-5°C Zor 5 h und 10 1l- of methylene chloride was added. The

preciitat(,- was filtered and was washed with 5 ill of methylene chloride.

Removal of the nethylene chlorid! cave 0.14 6 (63$) of -ecovered 3,3-dini-

trooxetane. TEX precipitate was dissolved in ethyl acetate, washed with

water, dried and otrippe of solvent to :ive o.064 g of copolymer, mp

147 0 C (no darkening to 2450 C); MW (VPO, EtOAc) 4260; 19F 4R (Acetone)

142.8 (m). Quantitative NI, using a known amount of benzotrifluoride

as rcf,r ence, bhowed that the material contained 33 :iole % of 3-fluoro-3-

nitrooxetane units.

WhIien this reaction ias repeated using 2 mmoles of phospho-

rus pentafluoride with a reue Lon period of 20 11, 0.13 g (59) of the 3,3-

dinitrooxetane waz recovered and O.)(4 j of zopolyrner was obtained: mp

1370 c; I.F1 (VPC-, Et(,A) 34(0; £)F MP, (acetone) 1 124. 8; 11 -o.le 3-fluori-

3-nitrooxe.tnc units by INMR.

The reaction was repeated uLin ; 0.562 g (3.8 m-ol) of 3,3-

dinitrooxetane, 0.0 5g (0.2 rnimol) of 3-r'luoro-3-nitrooxetane, and 1 rriol

of phosphorus pentafluoride, with a reaction period of 42 h at room tem-

perature. Undcr these conditions 0.354 (K3) of the 3,3-dinitrooxetane

was recovered andl 0.053 t7 of copolymner wan obtained, nip 171 C; 19F I ER
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(acetone) 143.0; 4 mole ' 3-fluoro-3-nitrooxetane units.

Polymerization of 3-Azidooxetane. Freshly distilled! boron

trifluoride etherate (i g, 0.077 mole) was added with stirring to a solu-

tion of 150 g (1.5 mole) of 3-azidooxetane in 750 ml of dry methylene

chloride with ice-bath cooling. The reaction temperature rose from 5 C to
o 0

20 C in 10 min and returned to 5 C in ) min. After 3.5 h, 300 ml of neth-

ylene chloriae was added and the reaction was quenched by tUe addition of

45 ml of cold 2M potassium carbonate solution. 7he mixture was stirred

for 30 min and the solution was then dried over magnesium sulfate. The

methylene chloride solution was addted to 1100 ml of hexane. Me mixture

was stirred for 30 min axid wrts allowud to stand for 2.5 h. The preci'i-

tate was washed with hexane (2 z 300 ml) and dried under vacuum to -ivc

82.2 9 (55.2%) of a tacky resin: molecular -4eight 3110 (vapjr osmc:reter,

ethyl acetate); hydroxyl functioniability 2.0; dcnsity 1.33(; _I I \ , (CDCl 3 )

,3.58 (s); D (a2 Cl2 ) 3,300, 2,X) (CH), 2150 (N3), 1135 cm- 1 (C-0-C).

Removal of solvent from the methylene chloride-hexane solu-

tion left 33.7 g of an equal mixture of oliComers and 3-azidooxetne, as

determined by NMR.

Another run using 50g (0.5 'ole) of 3-azidooxetane and 3.6,

(0.025 mole) of boron trifluorlde etherate .ave 32 - (614) of fractionated

polymer, MW 3610; hydroxyl functionatility 2.0.

Cumstock Prenaration, A solution of 2.158 g (0.705 nol) of

3-azidooxetane polymer (MW 3060) and a catalytic amount of ferric acetony-

lacetonate in 2.3g of methylene chloride was flushed with nitrogen, and

0.123g (0.705 mmol) of tolylene-2, 4-disoryanate was added. A rubbery

12
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mass for~ed withir- 5 riin. After 5 days, rnovai of su1v. nt Lft & rel1-

lent rubber.

III Process Development nd Production of 3-Azidooxetane

A. Discussion

The polymerization of 3-azjdcoxetane has given potentially

useful difunctional oligorvrs. For the evaluation of these materials in

formulations, :multi-pound quantities are needed. To facilitate the pro-

duction of such quantities of material, attention was paid tc -implifying

the reaction procedures and overcoming problems, such as exotherms, that

are not apparent in small scale experiments.

A new route to 3-hydroxyoxetane from epichlorohydrin was

1
developed previously on this program using blocking agents to control the

direction of ring closure. Acetic acid was added to epichlorohydrin and

the resulting secondary alcohol was protected as a base-resistant acetal

group. Base hydrolysis of the acetate group and ring closure gave the

blocked oxetane, which was deblocked with mild acid. Conversion of 3-hy-

droxyoxetane to the tosylate followed by displacement with sodium azide

gave 3-azidooxetane.

ui OH I2 =COC H5

F0. 3

NaOH 02 Fe3 OlC+ (CH3)OCAcx3O00HS 2  C 1I01 HOcx~HH1 2cl. > 2 (30

o=i(s3)oc2H5 oY (dH30c 2n5  °-
30) ODC -01111 C -,SOC C1 2i

3d OH 2 0 2 A 2 0-_c(2
3 2

Changes made in each of these steps to facilitate scale-up are described below.

13
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Epichlorohydrin-Acetic Acid Reaction. The most significant

changes in the first step of the sequence were minimizing the amounts of

excess acetic acid and of ferric chloride catalyst to allow the use of the

crude product in the next step without further processing. The reaction

time was reduced from 2 days to several hours by using a reaction tempera-

ture of 75-85 C instead of 0-10 C. The reaction is highly exothermic, but

the temperature can be controlled by means of a water bath. Scale-up to

the 150 mole level was accomplished using a 22 liter reaction flask.

3-Chloro-2-(l-ethoxyethoxy)-l-nropyl acetate. In our previous

laboratory procedure, 3-chloro-2-hydroxy-l-propyl acetate was treated with

ethyl vinyl ether in methylene chloride usiuc 16 of pyridlniu r.;-tolu-

enesulfonate as the catalyzt. In the scale-up study, tlVo more effuctive

catalyst, p-toluenesulfonic acid hydrate, was used and the solvent was

omitted. Thus, crude 3-chloro-2-hydroxy-l-propyl acetate containind dis-

solved ferric chloride from the prcviois step was tretted with a l0,, excess

of ethyl vinyl ether and 1 of the catalyst. The reaction was exothermic,

and the catalyst slowly lost itc effectiveness in the mixture. Thise nro-

blems were solved by the incremiental addition of both the vinyl eti.er and

catalyst to the alcohol. The reaction product was siqly washed with water

and the vct .material was used in the subsequent step.

The yield of blocked material, established by distilling an

aliquot amounted to ca 75%. A side reaction product was identified as the

acetic acid-ethyl vinyl ether adduct (5-10').

CH 000; 1 + C 21 3C'IO 115  3 23 + 2 3_

3
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Some low-boilin. :.'aterial (i& ) and a vi,7couu di';tillation residu. appeared

to contain ethyl vinyl ether polymnErs.

3- Chloro-2 ( .. - toxyct hox Y)IpropanoI ,rid 3- (a -Ethxyethy) -

cxetane. In the laboratory' rcalc synthesis of 3-(l-cthoxyethoxy)oxotane

a susnension of - chloro-2- (1- thoxyethoxy) -i- ropvl acetate was L.eated at

reflux with an excess o. av-ueous codium hydroxide. I,. Larfer scale re'cti s,

the heat liberated bj t,.e ester hydrolysis was found to be significant, but

the reaction was readily controlled by ,radually adding the acetate to the

hot alkali with cc,. T 'e cyclization of the resulting propanol driva-

tive to 3-(l-etbhc,.-;. f , e t-ctanc: was then accomiAlishcd by heatin,: the two-

phase mixture 3 Xr . stIrrini- at 108-115 ° for 4-5 hrs. The product,

at this stage, ,, +itd considerab2e amounts of nonvolatile by-products,

and the mt . . purI",cd by vacuum distillation. In an aver 1- 15)

mole run, unly 8 to e-5 ,:.f distiled :;.terial of" Ceti":t.Yd . P:ity wI ,z

olbtained, corres-cndi::J t,- 30-40 icld hased on eqich!:hrohydrffn ube t.n

the first step. 7hf reaso. for tle low yields of 3-(l-ethox.ethoxy)oxetane

have not been determined, but contmct . the "''t oumi and organic phares

may be inadequate. Iore efficient s;tirrin- or the use of pha ;C tran-fer

catalysts would be tenefici..

3--',ydro.,o::-tne. Removal of te acetal tlocking group did

not present difficulties in scale-up. 3-Hydroxyoxetane was obtained in

high yield by treating a methanolic solution of 3-(l-ethoxyethoxy)oxetane

from the proceeding step with p-toluenesulfonic acid hydrate. The reaction

was only midly exothermic and was completed in several hours at 30-35 0 C.

Removal of volatiles gave material of 75-0% purity, that was used without

15



i ~rther purificaticon iii tl. o~jnti .c,; L o. -Le' o~he

3-Oxetyl To-, iate. s-_<x,'tyl tosyiate waLs cbLuned by reuict-

in,-, 3-hYd-L xoxoatane w~t h D-ou~~ufnlchlori., . The r'cffss w&5

simplified by using aqtue:ou3s udiua 1iydroxile to rL.,.,cvte HCJ. rather t;,an

the orguntc bases that were us~ed r~'as. urc crystalline 3-o,:Fltyl

to:;ylate w,.3 ottained from relatlvelly iiurc 3-1hy'ruxyoxetane, and the

only worK-up needed was air dryini;.

3.Azidooxetane. Iii tiic earlier luboratory procedure, 3-azi-

dooxetane was obtained in 55,4 yield csy heiating; 3-rixety. tosyl-ate with so-

dium as-ide at 10 C in triethylenc .,,ycol. The product was removed by

vac:uu distillation as It was frc. Yields in 0.4 moicT rL~ns- were im-

0
JprUVcd to &.y ~ rel.ctin temp,-2rature was low'ered to l2-~ C, aa&

the amount 02 zolv~ilt wu recluctc1. 'Thet product ,usener-al.Ly pare without

furtLher purification. In Fscvoral c.ases..pocsii th - vacuum tvrarisfer

L.-,ulted Th c-:ntaomination ot* til jrodact wit],;.l : .unts of tricet!hylue

glycol. Thlis ctamnhant was ~-rvucowmeniently ty tre-ating the mo~terial

wtth call:i=i chlz,:ide.

Larg;e s-cale synthesis of this )otc-nt ially explosiv- monomer

r- qujrc., chie1.din.-, and pr _ferab..y, keeping.- a diluent in the reccivor. T'

,;olvent volat ility probsLem uvs eliminated by using; polyethylene Cl,: :-ol )40

in place of' triethylene iglycol. The rcceiver was loaded with nethylenie

chloride and wa~s kc.pt tit - 't&:3 to prcvont evaporatio± of this solvent.

The receiver wao stirred aii .iitically -Lc pr !v ct crystallization he pro-

duct. Thc_ sodium tosyla..e formcii by the displxace-rient reaction is somewhat

;% ....



less soluble in [1':j 4O0 tlizn in triethyle!i2 ,lycol, aLid toward the end

of the reactiao a fluffy precipitate prevented conttinuatcn of the diz;-

tillatJon. As a conzequence, yiclds were -c2duced to i.p. After one run,

the cooled reacti-n mixtui', was Iiltcred and th, ,.reei'litate w'is wused

with mrethylene chloride. Continuud di.tillhtion then increased tne yield

to 81%.

Approximately 20 lbs of 3-azidooxetanc w"s produced. In ad-

dition, 45 lbs of 3-exetyl tosylat,± is on hand.

Other Intermediates. Acetic aciQ, a weak acid with pK 4.76,

does not react with epichlorohydrin in the absence of a catalyst. It was

found that chloroacetic acid (pK 2.85) and dichloroacetic acid (pK 1.30)

gave adducts with epichlorohydrin without a catalyst. These adducts

reacted normally with ethyl vinyl ether. In the ring closure step, however,

the haloacetate moities underwent side reactions that consumed base. At

this point, problems associated with the acetic acid rout.e were resolved-

and work with the chloroacetates was discontinued.

B. Exprimental

3-Chlor0-2-Hydroxy-l-Propyl Acetate. A ?2L three-necked

flask, fitted with a mechanical stirrer and a reflux condenser with a

drying tube was loaded with 9.16 k( molev) . *4aciai acetic

acid and 85 g of anhidrouq ferric 'hluride. Fpieh orohydrin 13.9 i;,

150.27 mole) was added to the stirred mixture in a dlow stream by mearnz of

an addition funncl. The reaction temperature ncrvased to 420 C as l0f of

the epichlorohydrin was added in 20 min, and then begani to decrease. The

remaining epichlorohydrin was added in 5 min and the mixturc was Lcated

carefully to 68-70 C. The exothermic reaction recumed and the rcaction

17
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temperature was maintained at 7 0 - 7 2 0C for 2 h with a 400C water bath, and

then was kept at 83-850 C for I h. The product was allowed to cool to am-

bient temperature overnight, and was used without purification in the sub-

sequent step. Careful temperature regulation is needed to maintain control

of the reaction exotherm.

3-Choro-2-(l-ethoxyethoxy)-l-propyl Acetate. The above crude

.mixture was placed in a mechanically stirred 50 L flase fitted with a re-

flux condenser. The flask was cooled with an ice-water bath while 6 kg

(83.2 moles) of ethyl vinyl ether was added. £-Tolueneculfonic acid hy-

drate (20 g) was added and the reaction temperature rose to 64-67o0C in

7-10 mnn. When the mixture cooled to 18-20°C, another 6 kg (83.2 ::.olcs)

of ethyl vinyl ether and then 25 6 of the catalyst were added. The reaction

temperature rose to 55 C in 15 rmn. The coolant was removed and the mix-

ture was allowed to cool to ambient temperature in 2 h. The mixture was

washed with 25L of water, and the product 31.5 k., (94% yield) was used

without purification in the next step. The 18,1 specLrum showed no rzjor

Impurities.

3- (l-Ethoxethox)oxet,.ne. A mech-incally stirred 501.

fla: with a reflux condenser was char6ed with 91, of water and 7.0 k6 (175

moles) of zodium hydroxide. The above 3-elor-2-(1-ethox etboxy)-I-pro-

pyl acetate -av added from an addition funnel over a .-4 ' h pericld while thu

reaction temperature was :.ain-tained at 95-1000C with water-bath cooling.

The mixture was allowed to stand overnight and was washed with 5 L of water.

The product was stirred with 7 kg of sodiumn hydroxide and 9 .. of water and

the mixture was heated at reflux (105-115°C) fur 4 h. The product was al-

lowed to cool overnight and the phases were separated. The aqueous phase

18
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T

h5-'! 0 (.12 iti.;) 23how.n by to contf'Jn --35 -(1-ethiXyetho0xy)oetn

(33-314, yield basod on ej);chlarohydrin).

3-Hydroxyoxetane. The comb1'wt product of two runs by the

above procedure was stirred with a solution of 506 of' 2-toluene.,tinic

acid hydrate in 7L of methanol. The reaction temperature rose to 33 0 C in

20 min and remained at that temperature for 2h. The nixt.!! war, allowed

to stand overnight. Volatiles were removed at 21-50 0C (40 to 0.3 faI) to

give 11.6 kg of 70-75S o Pure (by NAI) 3-hyclroxyoxetane.

3-OxtylTo 11,,te. To a stirred suspenoion of 10.5 k2E of

n-touensuifa.rIy cliloridie .-:n 9- of 0.5"4, Ex;diuni hvdroxidc. in a 50:. round-

rcot tors flashl v:as addtQ~a I~.b, o)f crudec 3-hydroA.YOZ tane. TI,(- :'las:, wail

cooled with a water L;L-tI,,ar~d a solution of 3.9 k,- of sodiizi hydroxide in

-f 3 watcr was '>co i.&od, at a rato, to gal~na r :%ction tcn,perature

2f70~.After t .r addli -Ior was oo:.iplete (715 i~ll), thle -Lixtua-y was st 2:ec

at 65r,- 7'>0v '.,Dr 1;5. ~ r: roduct L-,s i lt( red( at ro,):., t(vgr)at -rc a.%'',

was vashed with p-V. rt.u.-i of wctcr at t0O C. I( WY.It r- tLin~

Piroduct ;.~air dricd to -~ive C.3 1-,- of )';F lO' iire oxcLi,l t,)Lyl-te >

231, yiel& !-ar.d un cPic)ls'roLydrin.

3-Azidooxct.n-e. A rli;xturc of 559,21.42 :,olei3) 0?ox't:

tosylate, 24 (36oiilc) of sodium azide and 1030 ml of triethylenie .-ly-

co'L was id:hxed irn z 5 1, roundI bottom flal; equippecd w:'hI a ma..netic Gtirrcr

and a vaCUILi dis;tilla,on head. The diotillation receiver was cojoled with

1) .....



~-ice bath. 'Ae reaction :.di>tur. w1;%; liated ~ ;ufQky ici:,

over a 45 min period, to 125-130":- (3-5 :x.,). DLiiiatio. of -C)-

tane beg-an at 90 C rrd the reactifLn was coiunieted after Ii (.AL

The distillate 7:;s dilut~ edoey A iiX) L& cil2ccuu

:,AR axual~zis of the -jrohcI siow~~ 2j (c, yauld) of - ~~~

T reuaotioxi we-.,; -_- a;o ,- L a filcto ,i' af sIn a _-,L

flask with a :aechunical stirrei-. Poi t-thyl-n2 ;i .:l'rU O

solvent iristcad of triethyle-ne t_%CO'..T rec,_vcr, Lftircd i .

wao loaded bc'ore the re action -:ur ,;h. ~c I:id

cooled with dry ice. Th~e origina2 dictillute, as in t,,- abo-vc

consisted of 660 g of, )-azi(Iroxel. Lne. '11c polyt,.1,L bne ic'

contairin:; ,reci ,Jtated sodiuma tu3,1,latc, W 2I~ :uKtra

cipitate -;zs washed wih3-1 L, i rtions of methi hrd.LvIa

tion of' t*,L combined filtrate -u:ni wushinas in ti-- C 1r-)s;Oa

additional 150 9 of S-:.zidooxct.-ne (SL, total y c)

IV Polycyclic Nitro oium

A. Disrussion

Ada"nntaries and ir-,1.ted structuref; ;: ,th nii tro ,(LtituuAtL

com.prise a little studied casof corspords, w-*th,, th.- 1 t-citiul of provJi-

in-, I-i~h denoity and e nerC-;. !-,ia briu(,ebread nitro co~ip-uinda, 1-ritroad-

anvantanc- and 1, 3-dinitroadai-nt:ne ,1 .ben krnc o ;: ea.S

z.nd recently, l35?tt~er:i'-tu shn:c.tc~ 1

)Illy example in tlc literature ;iLh a nitro o_ th'e r id, c vus obtuinc . '0

the con'densatic-n of nitro-aethane with a bicylic 6ict~



0 I H

Thle synthes is of' 2-C initroadarn..rtanc iby thr- n LratioiA o...' ac a: nr :

oxirne- w--o rccntlyp desec:Thed tt a te:hn~icW ci.

Cne of our objectives was to exten~d -his rE:a,.t ion to p,: y-

fuixiional s,.bstratos, s_- attemnpts werse r'ade to oItirnizc t.,_ yreparatirn

of 2 .2-dinitroadamantanc. Steroid oxiines react with nitric acid at low

temperatures to give lighly colored nitro-riltroso intermediates, thic1.

are oxidized to diriltro compounds by the addition of Lydro:;iFr

Our attempts Lo nitrat-, adn-autanonc oxtine at low teiipera ,:_.- with ;aryi-

inS concentration of nitric acid or dinitro~en tetroxide C~ave onily trace

yields of~ the (ilnitro compound. The free ketor'! wus recovered, amid '.i~er

hydrogen peroxide was used, the mrJor product was the Ltctone resuitin -

from a Baeyer-Villi~er rearrar4ement.

2. 0 2



Under 1Ilbert's' nitration conditions, u;inig reiluxing

methylen chlorid'K as the reactio:n icdiui, we obtained a 30( yield of

2,2-dinitrod-',ntan. No hydrogen peroxide was needed to oxidize

the transieiit nitro-nitroso inter;ecdiato to the din.!tro compound, and

the latter was even cu-nverted t., the Paeyer-Viilig-r product.

U., . tlez sa.e conditions, 4-bro:.;-2-oi Aida,.intane

was converted to i-brco-2,2-dlnita.a:xintane i, 5C yield. 'Iie crude

reaction mixture wau treated wth hydroxylanine to reconvert the bj-

product ketone to the oxime, and renitration gave the dinitro adanantane

in 70% yield.

3 T(+M2C'2 Br

r, tTlBr

Tese nitration conditions were applied to 2,6-dioximino-

adamntane with the objective of preparing the tetranitro adamantane.

'The initial attempt to carry out this reaction gave a sharp-melting solid

product, but elemental analysis showed that the muterial is an isomer of

the nitro-nitroso compound.

Another approach to introducing nitro groups into steroids

is to halogenate an oxlme, oxidize the resultinc, halo nitroso compound, and

remove the halogen reductivel . This approa('h iats extended to the ada-

mantane system. The reaction of 2-oximdnoadarantane with N-bromosuc-

cinimide was found to proceed in high yield to give directly 2-bromo-2-

nitroadamantane. As in the direct nitration of the oxime the nitroso

intermediate exhibited only transitory existence. It was also observed

that the usual peroxide addition step effectively destroys the product.

22
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1,iilarly, the reaction of -this oxisae with aqueous sodium layIjcchloritCe in ethanol

igave 2-chiloro-2-nitroadan:a-ita'ic, ,ith only tranistor.y formatiori of tihc Erlu(e

nitros;o intermnediate.

The p:-snmnce a-' water is thosEe reaction was found to Lb imnportan~t and the

cictreaction of the' 2-ox I:Unoada.-utanc wli K bromine in r-uthylexj- chl oride

gave the expeet"ed rin,, expan~lec ---- c li-azo-5-homoadamantanone whi(.. Was

Il-olated as the B-bro::.o derivat 'we.
00

The tsra ted was tuntable, losinCg btr ;i:dno on

recrystalli zation.

In he steroid work, th-e 2-bramonitro coinpounds, but riot the 2-chicrcaftro

coripounds, were deholo,,enated %,itli sodium, borohydride.8 The adamantane deriva.-

tives behaved similarly. Thus 2'-bromo-2-nitroada- ua--ntane Cave good Yields of

the expected 2- nitr,)ada:,untane, but 2 hor- ntadirnnefailed to react

under s~milar condition.;. fihe oxidative nitration of '2-nitroadaoantane p)ro-

ceeded 1or.lly, and tlhis procc~durc save a ,ood overall y.Lc.d of 2,2-dinitr3-

ada.-ia ntaoie.

Br

Na IM

HI. Stetter' discovered thec r(.action of 1,2_,5, 6 -diepoxycyclooctane with

&=roniatlo yield 2, 6-dIihydrox,- 9-azuibicyclo( 3.3. l/1nonanrc.
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"'e have initiated work to convert this bicyclic amine to energetic compounds

containing nitramino, nitrato and/or gem-dinitro Groups. Nitration with acetyl

nitrate in acetic anhjdride yielded the nitroaraine dinitrate, an impact sensi-

tive solid. Under milder conditions the N-acetyl dinitrate qas formed. Trans-

esterification of the nitramine to the diacetate, 2,6-diacetoxy-9-nitro-9-aza-

bicyclo (3.3.1)nonane in high yield was effected by sulfuric acid in acetic

anhydride. The diacetate was hydrolyzed in either :thanolic potassium hy-

droxide or methanolic aqueous hydrochloric ,-.cid to give 2,6-dihydrox-5-nitro-9-

azabicyclo(3 3. )nonane.

ON02

1H0 0 u u

CH3 3ON02

, 022NN

OH 0N0Q

AAe. 
OH

H2-9()4CH 3OH

02NN0
2NN-

OAc on

.4



B. -Xpeririental

0.067 mole) was adicd at 20 0 C to a ,solution of 4.j (0.&24 inle) of

2-oximinoadanz~ntane in 100 ml of 5(' dioxane-water, and C g of

solid sodium bicarbonate was added. A lijht blue color formed that

faued over a 1 h period. Solvent was removed under vacuum and the resi-

due was extracted with ether (2X30 ml) to yield a crude solid which when

recrystallized from ethanol-water gave 5.0 g (80) of 2-bromo-2-nitro-

adamantane, mp 190-191 (sealed tube, sublimes). IR(KBr) 3000, 2900,

1540, A45, 1340: w (cDcl3) (2.9 (2 H), 2.2-1.9 (12 H!).

Anal. Calcd for Clo{1 4BrN0 2 : C, 46.15; 11, 5.38; N, 5.38.

Found: C, 46.00; H, 5.30; N, 5.27.

2-Chloro-2-nitroadamantane. Aqueous 5% sodium hypocilorite

solution (30 ml) was added to a solution of 0.2 g (0.0012 mole) of 2-ox-

iminoadamantane and 0.2 g of sodium bicarbonate in 20 ml of dioxane.

There was an exothermic reaction. The solution was stirred for one hour

and 100 ml of water was added. The solid which formed was filtered and

recrystallized from ethanol-water to yield 0.2 g (76%) of 2-chloro-2-

nitroadamantane, mp 200-2010C (sealed tube, sublimes). lR (kR) 2960, 2900,

1550, 1455, 1350, 1330.

Anal. Calc'd for C1dIa4CIN0 2 : C, 55.68; B; 6.);'); N, 6.49.

Found: 0,55.29; H, 6.59; N, 6.30.

2-Nitroadamantane. To a solution of 4.0 i,(0.015 mole) of

2-bromo-2-nitroadamantane in 50 ml ethanol and 10 ml of water was added

2.0 g of sodium borohydride and the mixture was stirred for 1 h. GLC
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analysis showed that the starting material was corisiumd. The solution

was neutralized with 50% acetic acid solution and the #:thanol was ('vapora-

ted; 50 ml of water was added and the solid which formed was filtered to

yield 2.4 g (8,4) of 2-nitroadamantane as a waxy solid, mp 1C5-166 0 c (subl);

IR (Ktr): 2950, 2900, 1540, 1450, 1360; nmr: 4 4.25 (t, 1 H), 2.75 (2 E),

1.9-2.1 (12 H).

Anal. Calcd for CIOHIRN02: C, 6.L-); ii, 8.:; N, 7.34.

Found C, 64.83; H, 8.24; N, 7.58.

2,2-Dinitroadamantane. To a solution of 2-nitroudamrntane

(0.2 g, 0.001 mole) dissolved in 10 ml ethanol was -d solution of 0.4

of sodium nitrite and 0.2 : of Fodium hydroxide in 1C :.I ,f water. This

solution was tfirred for 10 iinutes and 10 :-11 of wat;-r cuntlininj Q.5 .

of silver nitrate 'a ,dded. An 2:ndiatt l~li ck p ',:iiitute of metallic

silver was ob.servcd. After 3' int.es of stirrifn;, t',': solutiown wt"; r+'xc,:

witi- (0 :f0. of ether and filtvrc% . The ethcr Myer wz, scparute4 , und ... ao-

rated to yield 0.2 6 (61%) of tte crude product, :k.ieI was; fetijd l dec

analysis to contain only a sm:cl! amount of 2-r.da%.n:,tanoar,. Recry stalliza-

tion from hexane Gave pure 2,2-din.troadantn '; rp 2lk-LJ3°C (d, sealed

tube); I: 315 0, 3000, 1570, 11WO, 1360. 130; .3'

(12 E), 3.4 1,- i); aeunsity l.40.

Anal. calcd for o'l~il%OtO: C, 53.09; H, 6. .9; N, 12.38.

Found: C, 53.30; Ii, 6.16; N, ]2.25.

Direct Iitration of 2-Oxirainoada.rntrui.. T,) a solution of

0.10 g (0.0006 mole) of 2-oxir1ncxLdu nt4ane in 10 ml of ref ing

26

.



riethylene chloride was Ladd] J drwoisc 2 -1 (,1 Ai- i itric UCo

lig-ht bluish color formecd and att.'er ;cxertr2. :xd'ttj~dC;iae,

analysis after 30 minutes zhYowt~d two pca?6 repreb~ntin,- .4 out 'C 2-ad-

azm.ntanone and 304 2,2-dinitroadanantane. Thle solvent vi evaporated

and the residue was washed witi 20 i-l of watrer, redit !;olved ir 10 ml o1

maethylene chloride urkd chroniatoiralphed on a rmedi,,.!:i pre-.surc silica -,Ql

column with mthyletie chilor.ide. 'ibe iitcrial which -,ssed rap-1dl1Y tI.ru

: L the column was isolated from the methylene chloride solution by eveapora-

tion to yield 30 mj (21l5) of 2,2-dinitroadamantane identical with the

material prepared above. The column destroyed the ketone and no other

imterials ,.ere recovered froia the column. Repetition o' this procedur-e

using refluxini- chloroform in place of methylene chloride yielded only

2-adaxintanone with no 2,2-dinitroadamantane detected by glc.

ml) 161-103 w'as convcrted Lto it., oxL~,, Y-S')luti on -II

1.0 ,(o.00144 -role' of thc oxime in 50 -'A, af -rflwdini met, yle. .irc

T,;s ad!Le dropw-sc 5 ulJ of, . 0-10~4O iftric :1212!. '!perr! va.z an

_ce:iC":~r;m.ed wlicl disappeared ir. ,boAt I 'ninmt. "Ole Soltj:n was

refluaxcd for A.rain., cooici, ;tnd wa.;hcc1 .. tl ) %,. of .,':o5:c'r>n

TflLt ivfr~trcdIr:ciu of .:;.; cr.A, rtt:i .r) 1% X*lv ,

aixture of 4 boo2:~~:~ l::c~~ ;-r'o ~t na :2

LL:Ie 1590 cm-l). Thcr crude S0146 ',.,s is.id it, 10 !nl 'f L:i: n

of hy.-droxylaaine hydro*chlortci- and 5 m f10(4 .cciu,- carboi_,tc !:-Iulon

w~re added. Thlis 60lutLtn w:as refluxed 0,C ho010r Und allowco. to ~12i1

27



hours at room~ tcm-:;erature. Tne etl~a.,ol wa~s eva~rated and the or- i

rmaterials wart: exLracted wjji ct'. n chiorilie. This :Fco-.itio-n was 'heateri

to reflux an! 2 ial of nOl~':itric acid ,;LL; i. -reen cc lor a

form--d and at. i A1.J iln, thu solu'Aioi wras c(ol ed, w:c.Wlti:

10 ml of (~~~1 carbonat.: -,)lut on, and t2',! :%c.thy~ne enloride wac:

cvap,.-ratod. Thje inifrared s:.'- ;trwrn (,-' the cr:i,,>t -,rnu.,,.t .-OWec I 39-70

ratio of ke'tone to Ciiiitro co,.i.,)und. The abo';,o ;ruceC.',re ;or hydrw..*%at-'oij,

nitration, and extraction was rerxeatLO. for a thifrd tim-. The infrareL

Ir%.ctrum of the crude ;jaterial ohowed thle 1keto~i %;a,, essertiall-y coil,,-.c.

Thc crude solid wsrtccrystallizcd from flc:xaji to~ k.CI-d .. :~ 6~

1330, 1755, 1315; !;'.L... iV) 2(. ,3((..') K;(

f.a. 1d r C1 l~rNC~ 71 ) 1 I.);~ 18.

FoundO 2 39-C4~ 11, .73; 175; ~

wa~2naer~'~cor~g o t~'L.~~rc~u' nd .'rcnvcrt.(d to oximr..

'To a -'cnnsf' 1.0 C'le (of('1 1 i the. c in i,5 u o' ietI,,ye;.C-

chlorifle mra addcd dropwise a total of' 3 in.] of )UlC*nitric a'-id over

tile course of '-, :J-,nutus. h solution becavne .1it U lue iiinediatuly, ':

when 15 drops of' Lhe acid was addca, 7LLe solid dibl~e.After Lhe addi-

tion was comrplete, tihe solution] was refluxed for :0 :jn durin Whichit~.

oxide.; of nitrogen were lib,:rutcdl. 'iliv solution .iau cooled and iieutraiizo!d

with 5% pc.(tr-LsirA hydroxide solution to ):1 9. T110 rnt'!YlE!I;C lrc layer



evaporated to a11 C.o!u ~ c.Uif. 1' IL: L,.

was c1.roua.toj:rap'-cd on a uLi-jca e1 ~lpa& Q 2 ~ t: . I

chloride. Foaux .jajar 1)andcl .*ru extracteL u- ,. si.ic- . t~nl

The fu~test moviing Land sl-u,;;d 1:7 peaks n~ctv cf a nitr'.ctcn1- an,-

-iot further en:2.. y;&~~r~lr~e: c) ~ next f bi

w&s identifi~d as 2-,6 -ua,iantand Ioit (yicl3J .7> i:, 20C -). A >

nut move on the plate ;as 14c,-ntified as ,(dixz i~uxi ~I~

Meg, 1.0%). The remini', L:IiWhich ,--s tlhe~ slowect of th- ea.-.. ! cc.r.vuw

consisted of' 50 cij (1044) oi' 'iesld 9-C3; ~~J " ~'f

144o, 1340.

Anal. 23alc. for CioHl12406: , *2;7 * ~ 1

'rx'acti a:' 5 mofthe Lfi ni :.c t rila

of 30',- h.dro,_c-i croxlle at 7Q Por -ne hour!2a' i.o mltK. ? t~ ;ir,

Rceactlon of' 2, initroadai,,"tnev t. 31o .--

solution a?" 50 m, of 2,2-dinitroada .antno 'nl 5 !ILI 34 yr~" Y2c:~

in 10 -a. oF Lthanol was ret'iuxe,1 for o!tC hocr. ;,.c Fuld t2~

- oxo- 5 - ,:uaaantane, cor.ipared with a~n auttnentie oz.IJ e

r~olution of' 100 m]L of' acetic anhydride an(! 4.0 g (0-oQ-5 mc) of 2(ri

hiydroxy-9.-azabicyclo(3.3.1)nonianc wasu ddit-d 0.5 is of uolid sodijn chicr-de

and 25 ml Of 95% nitric acid. The reaction was exotherilc and oxid-es of

nitrogen were released for a 20 ii pcriod. TIhe mixtiir- m llmme'1 3

stan~d for 1( 1, and was thei-i quenched with orne liter of' water. 'Inc ;Olir'

29

* T



whIch fLr!icd -,as filtered a:jd recry'tallized A'r 'i ethanol-water to yil4-d

3.C g (51 i) of !,.6 -diitroxy-)-nitro-9-a )b(cycu(3..3.1)-nrnane, :p ii-l20'C.

IR: 3050, 3000, I(20, .520, 143(0, 130, I-0; r: J 2.25 (8 I), 5.&

(1 H). The material was detonated by L moo. ..ite haiimer flow.

Anal. Calcd for _ I 1 .O-C: C, 32.38; K, 4.11.; T, ,).i3.

Found: C, 33.22; E, 4.50; 14, 13.28.

2, (- Dinitrato-9-acetox. -9-aza-Licyclo(_3. _. i) no>r n. A yix-

ture of 150 ml of acetic anhydride, 0.1 g sodiL,, chloride arid 20 ml of 1-

100% nitric acid was stirred for 1 h wIth cooling. Then 3.0 g (0.5 mole)

of 2,6-dihydroxy-9-azabicyclo(3.3.1)nonane dissolved in 50 ml of acetic

anhydride was addeC. over 15 min, kt.cpin. thle te-iperature telow 50 C. The

reaction was stirred for one h and wao thcn added to o:,e liter of watur.

The solld which formed was filtered and recrystaliz-cd fro:m ethanol to

yield 9.0 (; (61) of 2,6- dinitratc.9-acetoxy--azabicyelo(3.3. l azc,

mu 99-1 01C (ethznol); 107-109°C (I&xane); IR1: 30?0, 30C, 1(20, IU%,

1310; r m : , , .0 ! H), 4.8 (4 1!).

Anal. Wl~d .- r . . ' 11.52; H/ 5. i 14.53.

Found: C)42.08; H, 5.01; 1! 14.0r.

-L~etaito-9-rUtr:. -). azablcycelo( 3. 3. 1) noihane. Co. :±ntrated

sulfuric acfr (3 ml) was adaed f:.dwise to a solution of 1.0 g (0.J'37 :olC)

of 2,6-dinltroxy-9-nitro-9-azibicyclo(3.3.1)no.-ane in 3j U oi acetic

anyhdridc at 2 C and the solution was allowed to warm to L0 C. After one

hour, the sulution was poured into 50) ml of ice and wat.r and the oolid

which formed was filtered. ne rystallization from ethanol yielded 0.67 g

(75%) of 2,6-dlacetoxy-9-nltr-9-azabicyclo(3.3.1)nolnale , :ip l52-153°C;

IR: 3050, 1720, 1520, 1420, 1360; aur: 2.05 (14 11), 4.9 (4 11); '"1
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Ana~ Culcd 'or C 1 N- ,~.(;h,50;I,1.K

"'ound: ,,~o.l(; 11, 6.26; N,9.84.

Ko~. ~l~r~are. so~cYvi-

tion of 3.0G (0.0 13 .i)L of 2', c- diac -t- -n it ro- ?a z;L cyclo 1(3. 3

nciLLcne in 'd0 il. of .t.aa1UI 1 a ul* ('o::lt'at'i-d :.qu(,:)uushdo

acid solution w;as r.t&~dfor 2 h and thL rial wa , c-v-rated. Thce

res~k1uc was extract -o.8t 3) al of' w.'tr .wni 56 m1 of ether. Thsi- et1:r

aerwas se.)arate"" an;d .e product v~as jrvcai,.rL0cJ froci the eth.(-r wit,

30 : ii ±'.vine. K ; olid t~u.. oi~~c ~n ecr, staJ2.ized etl'>iol

:.14~3-14 5~ 0 ; 1 330J, 30D50, 1520, 1430, i.020; mixr j( 2.0 (3,H), 4.0,

1:il 4.38 (2 Pl)

Found: C, 47.56; 14, ".01; N,13.91
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